This review aims to highlight the most significant recent developments on synthetic strategies involving consecutive, domino and multicomponent reactions featuring a Michael addition-initiating step for the synthesis of polycyclic heterocycles from 1,3-dicarbonyls.
-DRs and MCRs involving a cyclization on an iminium ion in the racemic series
an initial Michael addition of a 1,3-dicarbonyl substrate to an α,β-unsaturated compound, an iminium ion is formed and then trapped by a nucleophile. Different arrangements of these structural elements in the two or three reaction partners can lead to a large variety of heteropolycyclic products.
The first example of a consecutive sequence involving three components, initiated by a Michael addition that resulted in the formation of a bicyclic structure was reported in 1979 by the group of Eschenmoser during their study of an approach to macrolides. [11] This area of investigation remained unexplored until our group published in 2001 the first Michael addition-initiated domino three-component reaction between a β-ketoester 1, an α,βunsaturated aldehyde or ketone 2 and a primary amine functionalized with a tethered nucleophile (amine, alcohol or thiol) 3 (Scheme 1). [12] The combination of these three substrates in refluxing toluene in the presence of 4Å molecular sieves as the sole reaction promoter resulted in the formation of the heteropolycyclic structure 4.
Scheme 1
Sequential reactions with the same substrates showed that the Michael addition was indeed the initiating step of the cascade, the enaminoester 5 obtained from the amine and the β-ketoester being inert under the reaction conditions (Scheme 2).
Scheme 2
Subsequently related transformations were described exploiting different functionalized amines, which resulted in the formation of various polyheterocyclic products ( Table 1) . For example, phenylalaninol can be incorporated to obtain tetrahydropyridines 6 with moderate diastereoselectivities (Entry 1, 2:1 dr). [13] Aromatic functionalized amines are also suitable starting materials. When o-phenylenediamine was used, the product underwent spontaneous aerobic in-situ oxidation to produce fused benzimidazoles 7 (Entries 2 and 3). [14] Noteworthy the use of 2-aminophenol as the bis-nucleophile triggered a change in the regioselectivity of the last cyclization, which resulted in the formation of a spirocyclic type aminal 8 (Entry 4). [12] Finally, when two nucleophilic functions are present on the amine substrate, the complex polycyclic product 9 containing two aminal motifs was formed as only two diastereomers in a 2.3:1 ratio (Entry 5). [12] Replacing β-ketoesters with β-ketoamides 10 that possess one more nucleophilic position on the amide nitrogen atom allowed to attain a further level of complexity in these transformations. We showed that this slight modification of the substrate led to the synthesis of the original 2,6-diazabicyclo[2.2.2]octane (2,6-DABCO) core 11 (Scheme 3). [15] During this process, not less than five new bonds and three stereogenic centers were created, and the 2,6-DABCOs were obtained as single diastereomers in good to excellent yields. Both α−unsubstituted and cyclic secondary β-ketoamides were suitable substrates and a variety of functionalized primary amines, including aliphatic diamines and amino alcohols along with 2aminophenol, were tolerated.
Scheme 3
The combination of multicomponent reactions with green reusable solvents is a promising research area towards sustainable development in organic synthesis.
[4] The above synthesis of 2,6-DABCOs was shown to perform efficiently in ionic liquids, namely
[bmin] [BF 4 ] and [bmin][NTf 2 ]. [16] In these green media, not only the use of molecular sieves could be omitted and better yields obtained than in toluene, but it also expanded the scope of the reaction allowing the use of β−substituted α,β−unsaturated aldehydes. Recyclability of the ionic liquids in this process was also demonstrated. 
Scheme 4
Soon after, Dixon and coworkers showed that β-ketoamides bearing a variety of πnucleophiles 16 were amenable to this kind of processes (Scheme 5). [18] A combination of two heterogeneous catalysts was used to prevent their mutual deactivation. The basic supported phosphazene P-BEMP promoted the Michael addition [19] 
Scheme 6
The same authors then extended their methodology to a larger variety of electron-rich aromatic rings including benzofurans, furans and thiophenes. [22] However, only traces of product were obtained with pyrrole because of competing pathways. For each case, the choice of the appropriate reaction conditions used in the Pictet-Spengler cyclization allowed the synthesis of either the kinetic 22 or the thermodynamic diastereomer 23 with moderate to good stereoselectivities (Scheme 7). β−Ketoamides were also competent nucleophiles in this reaction [23] and this strategy was applied to the total syntheses of several members of the corynantheine and ipecac alkaloid families. [24] Scheme 7
The next step was to design a sequential reaction involving three components, i. e. a β−ketoester, an α,β−unsaturated aldehyde and a tryptamine derivative 25 as external bisnucleophile for the transamination/Pictet-Spengler sequence promoted by an excess of 
Scheme 8
The importance of a fine tuning of the acidic conditions was again recently illustrated in related diastereoselective Pictet-Spengler cyclizations. [26] Similar transformations with cyclic diketones pronucleophiles were also reported [27, 28] and the strategy could be applied to a straightforward route towards the total synthesis of secologanine tryptamine and dopamine alkaloids. [29] In 2011, the group of Ye reported an interesting variation of the bimolecular cascade developed by Franzén. For that purpose, β−carbamoylesters 26 were designed, in which the π-nucleophile is replaced by a benzylic alcohol, substituting the final Pictet-Spengler reaction by the formation of an aminal (Scheme 9). [30] Noteworthy α,β−unsaturated ketones 27 were competent electrophiles in the Michael addition, provided that a bifunctional organocatalyst containing both a thiourea and a primary amine was used. After optimization of the reaction conditions, catalyst 28 was found excellent to control the enantioselectivity of the Michael addition, albeit at the cost of very long reaction times. Once again, the addition of an acid was needed to effect the last cyclization and afford a series of dihydro-1,3-oxazines 29 that contain a tetrasubstituted center with high yields, enantio-and diastereoselectivities. One 
Scheme 9
Shortly after, the same group studied the scope of this transformation by using α,β- 3 [32] Finally, two preliminary examples of the corresponding trimolecular sequential couplings have also been described (Scheme 10). [27] After an enantioselective Michael addition between cyclohexane-1,3-dione and aliphatic α,β-unsaturated aldehydes catalyzed by (S)-diphenylprolinol trimethylsilyl ether 18, the addition of either 2-aminobenzylamine 33 or anthranilamide 34 in the presence of acetic acid, respectively produced pyridoquinazoline 35
and pyridoquinazolinone 36 with high enantioselectivities. 
Scheme 10
Despite the development of several strategies for the construction of polycyclic heterocycles by enantioselective organocatalytic domino and sequential reactions initiated by the Michael addition of a 1,3-dicarbonyl, it is worth noting that no multicomponent variant of these transformations has been reported to date. Further developments in this direction are expected in the near future.
-Miscellaneous transformations
When performed intramolecularly, the Michael addition/hemiacetalization sequence can lead to the concomitant formation of two rings. This strategy was used by Watanabe and coworkers to synthesize a series of natural products including ( -)-mellein and (+)ramulosin. [33] Besides this, when bis-Michael acceptors 37 were used, two molecules of 1, To finish with, a different strategy to prepare polycyclic structure is to combine at least two Michael acceptors in a cascade consisting of several chemoselective Michael additions.
The properties of the substrates have to be finely tuned so that a preferred sequence leads to the formation of one major product. Many carbocycles were prepared by this strategy but only one publication related to the formation of heterocycles can be found in the literature 
-CONCLUSION AND PERSPECTIVES
This selection of sequential, domino and multicomponent reactions illustrates the high potential of 1,3-dicarbonyl derivatives for the synthesis of polycyclic heterocycles. These very easily accessible substrates can be accommodated in many synthetically efficient stereoselective multiple bond-forming transformations [36] in the racemic and optically active series. One of the main challenge in this field consists in further developments of new organocatalyzed MCRs based on the reactivity of 1,3-diCOs or taking advantages of the chemistry of their 1,2-analogues, that is less studied and still in its infancy.
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